This study examined the neuromuscular and functional performance differences between frail oldest old with and without mild cognitive impairment (MCI). In addition, the associations between functional capacities, muscle mass, strength, and power output of the leg muscles were also examined. Forty-three elderly men and women (91.9 -4.1 years) were classified into three groups-the frail group, the frail with MCI group (frail + MCI), and the non-frail group. Strength tests were performed for upper and lower limbs. Functional tests included 5-meter habitual gait, timed up-and-go (TUG), dual task performance, balance, and rise from a chair ability. Incidence of falls was assessed using questionnaires. The thigh muscle mass and attenuation were assessed using computed tomography. There were no differences between the frail and frail + MCI groups for all the functional variables analyzed, except in the cognitive score of the TUG with verbal task, which frail showed greater performance than the frail + MCI group. Significant associations were observed between the functional performance, incidence of falls, muscle mass, strength, and power in the frail and frail + MCI groups (r = -0.73 to r = 0.83, p < 0.01 to p < 0.05). These results suggest that the frail oldest old with and without MCI have similar functional and neuromuscular outcomes. Furthermore, the functional outcomes and incidences of falls are associated with muscle mass, strength, and power in the frail elderly population.
Introduction

F
railty is an age-associated syndrome characterized by decreases in the functional reserve and resistance to stressors due to changes in several physiological systems. [1] [2] [3] [4] Frailty is increasingly recognized as a highly prevalent entity that is distinct from disability and co-morbidity and that increases the vulnerability of older adults to clinically important outcomes, including functional decline, falls, and institutionalization. [5] [6] [7] [8] [9] One of the cornerstone issues underlying frailty syndrome is sarcopenia (i.e., aging-induced loss of muscle mass) that is exacerbated by decreased physical activity, causing a decline in overall function and leading to frailty. [10] [11] [12] [13] [14] [15] Skeletal muscle power decreases earlier than muscle strength with advancing age. 15 Muscle power seems to be more closely associated with performance on functional tests than muscle strength in elderly populations. 15 Knowledge about the relationships between skeletal muscle power, strength, mass, and functional capacity could improve the exercise recommendations for this population. Mild cognitive impairment (MCI) is seen as a transitional state between normal cognitive aging and early dementia. [16] [17] [18] [19] Recent studies have shown that older adults with MCI have a higher prevalence of gait impairments than cognitively normal older adults and that having MCI predicts the later development of dementia. disability, probably underlying the negative association between muscle strength and cognitive impairment. 22, 23 It is well known that people with dementia exhibit some of the symptoms of the frailty phenotype, such as a low gait velocity and a low level of physical activity, 22, 24 but the presence of similarities of differences in the physical outcomes in the frail elderly with or without cognitive impairment has not been studied. These differences could be particularly evident during the dual-task gait paradigm.
Gait impairment is one of the most consistent predictors of falls and is a prevalent feature among older adults with cognitive impairment and frailty syndrome. 9 The traditional gait assessment is not sensitive enough to detect subtle gait impairments. A sensitive method for detecting these early interactions is to measure the effect that a cognitive load (e.g., simultaneous talking or counting while walking) has on gait. Because one study demonstrated that the inability to maintain a conversation while walking (''stops walking while talking'') is a marker for future falls in older adults, 25, 26 walking while performing a secondary task (the dual-task paradigm) has become the classic way to assess the interaction between cognition and gait. 16, 20, 21, [27] [28] [29] Dual-task tests reflect executive function, which is an essential cognitive resource for normal walking. However, little attention has been given to the relationship between dual tasks and frailty or to the ability of these tasks to detect subtle differences in gait patterns between frail patients with and without MCI.
This study was designed to compare the muscle mass, strength, and functional performance between the frail elderly with and without MCI using functional tests with a second cognitive task (e.g., verbal and arithmetic tasks). To help understand the possible differences between these two frail groups, we compared them with a group of age-matched elderly subjects without frailty. A second objective was to investigate the associations between functional capacity and muscle strength, power, and mass in the frail elderly.
Methods
Experimental design
We designed a cross-sectional study to compare three groups of elderly populations-frail, frail + MCI, and agematched non-frail elderly. In addition, we assessed the associations between skeletal muscle strength, power, and mass with functional capacity in the frail group to help identify the most relevant physical outcomes needed to prevent disability. Physical evaluations were performed using dynamometry, functional tests (including strength, gait, and balance tests), and computed tomography (CT) of the thigh muscles. Study participants were assessed in their institution on different occasions and were transported to the hospital for the CT assessments. By measuring these variables, we gathered information about the possible physical differences between the frail elderly with and without cognitive impairment symptoms. Prior to data collection, the participants took part in a familiarization procedure for each test.
Participants
The participants were institutionalized oldest-old patients from the Pamplona, Spain, area older than 75 years old. They were included in the three groups (non-frail without MCI, frail without MCI, and frail with MCI) of the study according to the Fried criteria of frailty or robustness, 9 and the MCI consensus definition provided by Windbland et al. 30 The Fried criteria of frailty was determined by the presence of three or more of the following components: Slowness, weakness, weight loss, exhaustion, and low physical activity. 9 The specific recommendations for the general MCI criteria include the following: (1) The person is neither normal nor demented; (2) there is evidence of cognitive deterioration shown by either objectively measured decline over time and/or subjective report of decline by self and/or informant in conjunction with objective cognitive deficits; and (3) activities of daily living are preserved and complex instrumental functions are either intact or minimally impaired. 30 Participants fulfilled the criteria for MCI if they had a subjective memory complaint, a report of cognitive deterioration from the patient and/or family, objective memory impairment in cognitive tests with the absence of significant functional impairment, and the absence of clinical dementia. Exclusion criteria included dementia, disability (defined as a Barthel index lower than 60) and the inability to walk independently. An age-matched non-frail group was included for physical and functional comparisons. Fifty-six elderly subjects volunteered to take part in this study, completed an ethical consent form, and met the necessary requirements to join the study. After completing the clinical and cognitive evaluations, 43 elderly men and women were finally included into any of the three groups-the frail without MCI group (93.4 -3.2 years), the frail with MCI group (frail + MCI) (age, 92.4 -4.2 years), and the non-frail group (age, 88.2 -4.1 years). The complete physical characteristics of the participants are presented in the Table 1 . Women accounted for 67% of the patients (9 of 13, 14 of 20, and 6 of 10 in the frail + MCI, frail and non-frail groups, respectively). For the muscle mass comparisons, only the frail elderly (with and without MCI) were assessed. A subset of frail subjects (n = 13) had their one repetition maximum (1RM) strength and muscle power measured in the leg press machine to investigate the associations between these variables with functional capacity. All subjects or their legal guardians agreed with their participation in the trial and completed an ethical consent form. The study was conducted according to the Declaration of Helsinki, and was approved by the Ethics Committee of the Public University of Navarra, Spain.
Functional outcomes
The gait velocity was assessed using the 5-meter habitual gait velocity test (GVT) and the timed up-and-go (TUG) test. Starting and ending limits were marked on the floor with tape lines for a total distance of 7 meters. The first and last meter, considered the warm-up and the deceleration phases, respectively, were not included in the calculations for the gait assessment. The TUG test consisted of measuring the time to perform the task of standing up from a sitting position in a chair, walking 3 meters, turning, returning to the chair, and sitting down. The dual-task paradigm was used in the 5-meter habitual GVT and the TUG test. Two trials were used to measured gait velocity while performing a verbal or counting task (verbal GVT and counting GVT, respectively). During the verbal fluency dual-task condition (verbal GVT), we measured the gait velocity while participants were naming animals aloud. During the arithmetic dual-task condition (counting GVT), we measured gait velocity while participants were counting backward aloud from 100 by ones. The velocity and time were measured, and the cognitive score was measured by counting the number of animals named (dual-task with verbal performance) or counting the numbers backward (dual-task with arithmetic performance). Balance was assessed using the Frailty and Injuries: Cooperative Studies of Intervention Techniques-4 (FICSIT-4) tests of static balance-the parallel, semi-tandem, tandem, and one-legged stance tests. The subjects progressed to the hardest test regardless of their success in the easier tests. The ability to stand up from a chair without support (rise from a chair test) was assessed, and the score was determined by the maximum number of rises that the subject was able to complete in 30 sec. Data on the incidence of falls were obtained using questionnaires.
Maximal strength and muscle power
Upper (right hand grip) and lower limb (right knee extensors and hip flexors) isometric muscle strength was measured using a manual dynamometer. Maximal dynamic strength was assessed using the 1RM test on the bilateral leg press exercise. The bilateral leg press 1RM was performed using an exercise machine (Exercycle, S.L., BH Group, Vitoria, Spain). On the day of the test, the subjects warmed up with specific movements for the exercise test. Each subject's maximal load was determined with a maximum of five attempts with a 4-min recovery between attempts. After determination of the 1RM values, subjects performed three repetitions at maximal velocity at intensities of 30% and 60% of the 1RM to determine the maximal and mean power and the maximal and mean velocities at these intensities. Two attempts were performed at each intensity, with 2 min of recovery between attempts. During the bilateral leg press actions at the different intensities (30%-60% of 1RM), bar displacement, average velocity (m$s -1 ), and mean power (W) were recorded by linking a linear velocity transducer to the weight plates (T-Force System, Ergotech, Murcia, Spain).
Muscle cross-sectional area
The midthigh lower-extremity muscle of the left quadriceps femoris was assessed using a 64-row CT scanner (Siemens Defintion AS, Erlangen, Germany). The cross-sectional area (CSA) of the subcutaneous adipose tissue (SAT), intermuscular adipose tissue (IMAT), quadriceps femoris (QF) muscle, adductor muscles, including the adductor longus and magnus, and flexor muscles, including the semitendinous, semimembranosus, and biceps femoris, were measured. The scans were later analyzed for the CSA (mm 2 ) of adipose tissue and muscle tissue. Image segmentation of adipose tissue and skeletal muscle CSAs of the abdominal and thigh images was performed using commercially available software (Slice-O-Matic, Tomovision, Montreal, Canada), as previously reported. 31 The boundaries of the adipose and muscular compartments measured were depicted using a manual cursor. The mean attenuation coefficient values of adipose and muscle within the regions outlined on the images were determined by averaging the CT number (pixel intensity) in Hounsfield units (HU). Skeletal muscle and adipose tissue areas were calculated by the range of attenuation values for skeletal muscle (0-100 HU), high-density muscle (HDM) (30-100 HU), low-density muscle (LDM) (0-29 HU), and adipose ( -190 to -30 HU) tissue. 32 
Cognitive test
Objective memory impairment was operationalized by the demonstration of memory impairment by neuropsychological testing. For this purpose, the MEC (Mini-Examen Cognoscitivo), an adaptated Spanish-validated version for geriatric population of the Mini-Mental State Examination (MMSE), 33 with a sensibility of 90.7% and a specificity of 69% was used. It includes two more items than the MMSE. The maximal score is 35 and cutoff point for cognitive decline is below 28.
Statistical analysis
Descriptive results are reported as the mean -standard deviation (SD). The SPSS Statistical Software package (version 17.0) was used to analyze all data. Normal distribution and homogeneity parameters were verified with ShapiroWilk and Levene tests, respectively. The differences between groups were assessed using a one-way analysis of variance (ANOVA) with Tukey post hoc tests. Retrospective analysis provided using the GPOWER program (version 3.1.7) determined that the number of participants in each group provided a statistical power of over 80% to the differences detected in all variables. Exceptions were observed in the balance and incidence of falls, for which the retrospective statistical power was 75%. The Pearson product moment correlation test was used to investigate possible associations between the variables. In the non-parametric data, a Spearman correlation test was used. Significance was defined as p < 0.05.
Results
Rise from a chair, balance, and incidence of falls
The non-frail group showed greater values on the rise from a chair test and a lower incidence of falls compared 398 CASAS-HERRERO ET AL.
with the frail ( p < 0.01) and frail + MCI ( p < 0.01) groups ( Table 2 ). The balance score was significantly higher in the non-frail group compared with the frail ( p < 0.01) and frail + MCI ( p < 0.01) groups (Table 2) .
Gait velocity and dual-task performance
There were significant differences between the groups in all tests related to gait velocity. The non-frail group spent significantly less time performing the TUG test with single and dual tasks (both verbal and arithmetic) compared with the frail ( p < 0.01) and frail + MCI ( p < 0.01) groups. The non-frail group performed significantly better in the habitual GVT (5-meter test) than the frail ( p < 0.001) and frail + MCI ( p < 0.001) groups. The non-frail group also performed better with the GVT with arithmetic and verbal tasks compared with the frail p < 0.01) and frail + MCI ( p < 0.001) groups (Table 2) .
Although no differences between the frail and frail + MCI groups were observed in the time spent to perform the distance component during the TUG test with dual-task performance, the frail group presented significantly greater cognitive performance than the frail + MCI group in the TUG test with the verbal task because the frail group named a significantly greater ( p < 0.05) number of animals during this test. No additional physical and cognitive performance differences were observed between the frail and frail + MCI groups during the GVTs (Table 2) .
Isometric strength and muscle cross-sectional area
The non-frail group showed greater hand grip and knee extension strength compared with the frail ( p < 0.01) and frail + MCI ( p < 0.01) groups and greater isometric hip flexion strength compared with the frail group ( p < 0.001) ( Table 2) . No significant differences between the frail and frail + MCI groups were observed in the muscle CSA of the quadriceps high-and low-density tissue, the CSA of the total quadriceps, or the CSA of the total thigh (Table 2) .
Relationships between muscle mass, strength, and functional outcomes
In the frail + MCI group, there were significant negative relationships between the individual maximal isometric strengths and the corresponding individual values of functional tests (i.e., TUG, 5-meter gait velocity and dual task performance), as well the incidence of falls, with r values ranging from -0.83 to -0.62 ( p < 0.01 to p < 0.05) ( Table 3 ). In addition, there was a significant positive relationship between the individual maximal isometric hip flexion strength and the corresponding individual values of rise from a chair test (r = 0.76, p < 0.01) ( Table 3 ). In the frail group, there were significant negative relationships between the individual isometric strengths and the corresponding individual values of functional tests, with r values ranging from -0.62 to -0.43 ( p < 0.01 to p < 0.05) ( Table 4 ). In addition, significant positive associations were observed in the frail group between muscle CSA, the rise from a chair test, and strength performance (r ranging from 0.52 to 0.80, p < 0.001 to p < 0.05) ( Table 4) .
Because no differences were observed between the frail + MCI and frail groups in the physical outcomes and the incidence of falls, we analyzed the correlations between the variables that were associated with these two groups. Significant negative relationships were observed between isometric strength and performance on functional tests and between the functional tests and the incidence of falls, with r values ranging from -0.43 to -0.62 ( p < 0.01 to p < 0.05). Significant positive associations were also observed between muscle CSA, the rise from a chair test, and strength performance (r = 0.43 to 0.68, p < 0.001 to p < 0.05) ( Table 5) .
Relationship between muscle power with muscle mass and functional outcomes in the frail group After assessing the muscle power in a subset of subjects (n = 13), we investigated the associations between muscle power and either functional outcomes or muscle mass. Significant negative association was observed between the muscle power output and the corresponding individual values of gait speed (r = -0.64, p < 0.05) as well as significant positive association was observed between the muscle power output and the corresponding individual values of rising from a chair (r = 0.66, p < 0.05) ( Table 6 ). Significant positive associations were also observed between muscle mass and maximal power at 30% and 60% of 1RM (r = 0.59-0.76, p < 0.01).
Discussion
The major findings of this study were that the frail subjects with MCI did not present different functional outcomes (i.e., gait velocity, rising from a chair, and balance performance), muscle cross-sectional area and muscle quality, as well as strength/power performance than the frail subjects with preserved cognitive function. A unique finding of the present study was the association between the muscle strength, thigh muscle mass, and especially skeletal muscle power output values with the functional capacity tests in the frail subjects. These results reinforce the need to improve the muscle strength and power in frail subjects to enhance their independence to perform daily activities and reduce their risk of falls. In addition, the performance on the dual-task tests (e.g., gait velocity and TUG) was likely independent of MCI.
Frailty syndrome is an independent predictor of a decline in cognitive function. 24 Frail individuals have an increased risk of becoming cognitively impaired, and the decline in cognition over time is more severe in frail subjects as compared with non-frail subjects. 24, 34, 35 In addition, impaired physical outcomes, such as altered gait velocity and muscle weakness, are associated with cognitive impairment, 24 and these outcomes are physical domains of frailty. 9 In the present study, no differences were observed between the frail and frail + MCI subjects in terms of physical function and leg muscle CSA, with both groups presenting a lower functional capacity than the non-frail subjects (Table 2 ). In addition to the functional outcomes, such as gait velocity, balance, and rising from a chair, we assessed muscle strength, CSA, and the incidence of falls. Although these participants were mildly cognitively impaired, the frail + MCI subjects did not present any physical function deficits when compared with cognitively intact frail subjects. From a practical standpoint, the present results suggest that MCI does not alter physical performance in frail individuals, and exercise programs with similar physical demands may be applied in the frail elderly with and without MCI.
A possible explanation for the lack of differences in the functional tests between the two groups is that MCI and frailty are different entities on the same spectrum of disease. Several authors have included cognitive decline in the frailty phenotype because the conditions have similar pathophysiology, similar consequences (e.g., falls, hospitalization, institutionalization, and disability), and similar responses to interventions such as exercise. 16, 23, 24, 36, 37 When tested using dual tasking, MCI gait impairments have been categorized recently (i.e., slowing gait velocity, increased gait variability) 
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and show specific associations with executive function and the risk of falls. 20, 21 This categorization of gait impairment in the frail or frail + MCI has not yet been studied using the dual-task paradigm.
Recently, Montero-Odasso et al. 21 showed that frailty is associated with low performance in several quantitative gait parameters beyond velocity, including high stride time gait variability. In addition, this variable is the most sensitive and is a stronger marker of the risk of falls than gait velocity. 20, 21 Indeed, in the present study, the decrease in gait velocity with arithmetic tasks (dual-task cost) during the TUG test was strongly associated with the risk of falls (r = 0.78, p < 0.01; Table 3 ). From this perspective, we hypothesized that differences in stride time gait variability could help distinguish the frail and frail with MCI elderly, which was not observed in the present study.
Although no differences between the frail and frail + MCI groups were observed in the time spent during the TUG with a verbal task, the cognitive score during the TUG with a verbal task (i.e., a greater number of animals named) was greater in the frail group, which is likely associated with the cognitive deficits of MCI participants. 20, 21 Our results suggest that the time spent during dual tasks may not be sensitive enough to detect a worse gait ability in the frail + MCI subjects, and the cognitive score must be considered. The absence of differences in the gait speed during the dual task tests could be related the small sample size, and this constitutes a limitation of the present study.
Sarcopenia is one of the main pathophysiological issues underlying the frailty syndrome and results in a severe decline in functional capacity 10, 11 ; however, no studies have directly assessed the relationship between the leg CSA and functional outcomes in the frail elderly. A unique finding of the present study was the relationship observed between the quadriceps and the total thigh muscle CSA with the rising from a chair test performance, especially in the frail individuals (r = 0.44-0.59; Tables 4 and 5 ). Furthermore, the muscle CSA was strongly associated with the hand grip strength in the frail subjects, and this variable has been described as a useful predictor of all-cause mortality in older populations. 38 Physical inactivity is a main contributor to muscle weakness, and consequently, sarcopenia generates more reduced physical activity and functional capacity, leading to disability and mortality. Nevertheless, another interesting finding of the present study was that the association between muscle CSA and functional outcomes was observed in the frail group, but not in the frail + MCI group. A plausible explanation for this result is that in frail + MCI subjects, not only the neuromuscular function, but also the cognitive function influences the functional capacity.
Skeletal muscle power and strength in elderly people are important for the completion of activities of daily living (ADL) performance, such as rising from a chair, walking, and climbing stairs, and for reducing the incidence of falls. 28, 29, [39] [40] [41] [42] This study found important associations between muscle strength and muscle power with functional outcomes (e.g., gait ability and rising from a chair) and the incidence of falls in the frail elderly. It is important note that muscle power was assessed at a low to moderate intensity (i.e., 30% and 60% of 1RM, respectively), and both intensities were associated with functional outcomes. On the basis of these results, we suggest that the functional capacity in frail elderly could be improved by performing resistance training at a high speed of motion and using a low intensity of training, such as 30% of the maximal load. This result is especially important in frail 0.51** 0.43* 0.68*** -0.07 ---Significant correlations: *p < 0.05), **p < 0.01, and *** p < 0.001. MCI, mild cognitive impairment; CSA, cross-sectional area; QF, quadriceps femoris; HD, high density; LD, low density; TOT, total; TUG, timed up-and-go. ) 0.76** 0.59* Significant correlations: *p < 0.05, **p < 0.01, and ***p < 0.001. 1RM, one repetition maximum; CSA, cross-sectional area; QF, quadriceps femoris; HD, high density; LD, low density; TOT, total. subjects, who may need more frequent and longer training sessions to perform exercises at higher loads, but urgently need to improve their functional capacities to prevent adverse outcomes like falls, hospitalizations, disability, or even death.
To summarize, the results here showed that the frail subjects with MCI did not present different physical outcomes than the frail subjects with preserved cognitive function. Functional outcomes, such as gait velocity, rising from a chair, balance performance, and the incidence of falls, were associated with muscle mass, strength, and power performance in the frail elderly. On the basis of the present results, we suggest that in addition to strength stimulation, power and velocity of motion with light loads (30% of 1RM) must be stimulated to improve functional capacity in the frail elderly.
